ABSTRACT: Intramuscular tenderness variation and muscle fiber orientation of beef M. adductor femoris (AF), M. biceps femoris (BF), M. gracilis (GL), M. pectineus (PT), M. sartorius (SR), M. semimembranosus (SM), M. semitendinosus (SO), M. vastus intermedius (VI), M. vastus medialis (VM), and M. vastus lateralis (VL) were investigated. The USDA Choice boxed beef subprimals were purchased and aged for 14 d from boxed date. The AF, BF, GL, PT, SR, SM, SO, VI, VM, and VL (n = 10 each) were fabricated from subprimals. Crust-frozen AF, BF, SO, SM, and VL were cut into 2.54-cm steaks perpendicular to the long axis and grilled (71°C). The PT, SR, VI, and VM were grilled (71°C) as whole muscles, whereas the GL was grilled after cutting into anterior and posterior regions. Grilled muscles were cut into equal size sections perpendicular to long axis of muscles. Location-specific cores were prepared from each steak/section, and Warner-Bratzler shear force (WBSF) was measured. The muscle fiber orientations of BF, PT, and VI were bipennate, SR and SO were fusiform, and AD, SM, VL, GL, and VM were unipennate. The overall mean WBSF values for BF, SO, AF, SM, PT, SR, GL, VI, VM, and VL were 5. 62, 4.86, 4.18, 4.90, 3.76, 4.44, 4.75, 4.78, 4.24, and 6.53 kg, respectively. Based on WBSF values, PT was tender, BF and VL were tough, and VM, VI, SM, GL SR, AF, and SO were intermediate. The first 2 proximal steaks of long head BF were more tender than the rest (P < 0.05). In the SO, the tenderness decreased from the middle of the muscle to both ends (P < 0.05). The anterior sides of the long head BF and SO were tougher than their posterior sides (P < 0.05).The first 4 steaks of the SM were more tender than the rest of the muscle (P < 0.05). There was a significant tenderness increment from the middle of the AF and SR to both ends of each muscle (P < 0.05). The medial side of the VI was more tender than its lateral side (P < 0.05). The VM had its smallest shear force value at the most distal end compared with the rest (P < 0.05). Dry or moist heat oven roasting, as compared with grilling, significantly tenderized SO (P = 0.002) and VL (P < 0.0001) muscles. There were no significant WBSF value differences along the PT and between anterior and posterior regions of the GL. Based on WBSF ratings, PT, SR, VM, GL, and VI could be merchandized as single muscle steaks or medallions and the first 2 to 4 steaks of long head BF, SM, and AF could be marketed as premium-quality steaks. This detailed information on intramuscular tenderness and muscle fiber orientation variations of the round muscles could be used in a value added strategy for the beef round.
INTRODUCTION
About one-fifth (about 22%) of the weight of a beef carcass is represented by the round (including the beef knuckle) in the United States. Most large muscles of a beef carcass are located in the round, and they are known to be the least tender muscles of the carcass (Jones et al., 2001 ). Tenderness is a major palatability trait that determines quality of meat (Huffman et al., 1996) . Characterization of muscles in the beef round is necessary to evaluate value-added strategies. Although tenderness differences among major muscles of the beef round and chuck and their intramuscular tenderness variations have been well identified and reported, the tenderness difference within all the muscles in the beef round are not well documented (Reuter et al., 2002; Searls et al., 2005; Von Seggern et al., 2005) . The knowledge of muscle fiber direction is important during meat fabrication so that muscles can be cut across the grain to improve tenderness. Muscle fiber directions along the muscles of the beef round have not been documented. Therefore, this study attempted to document mapping of intramuscular tenderness and the fiber directions of each beef round muscle to develop alternative marketing strategies for beef round muscles. In addition, the results of this study would produce alternative fabrication specifications for beef round muscles to facilitate a cutting and merchandising of the beef round.
Therefore, this research was conducted to investigate the alternative fabrication procedures for M. adductor femoris (AF), M. biceps femoris (BF), M. gracilis 
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the samples were obtained from a federally inspected facility (Greater Omaha Packing Co., Omaha, NE). 
Sample Collection
Ten of each beef round top [Institutional Meat Purchase Specifications (IMPS) #168; NAMP, 2007] , beef round knuckle peeled (IMPS #167A; NAMP, 2007) , beef round bottom (IMPS #170; NAMP, 2007) , and beef round eye of round (IMPS #171C; NAMP, 2007) were purchased as USDA Choice boxed beef subprimals and aged for 14 d from boxed date. The BF (from beef round bottom), SO (from beef round eye of round), SM, AF, GL, PT, and SR from beef round top, and VI, VM, and VL from beef round knuckle peeled were fabricated from relevant subprimals. The anterior and distal directions of each muscle were appropriately tracked. The BF, SO, SM, AF, and VL muscles were crust-frozen and cut into 2.54-cm-thick steaks from the proximal to distal end perpendicular to the long axis by using a band saw. The steaks were vacuum-packaged using vacuum pouches (3-mil STD barrier, Prime Sources, St. Louis, MO) on a Multivac Packaging machine (Multi- vac C500, Multivac Inc., Kansas City, MO). The PT, SR, VM, GL, and VI were vacuum-packaged as individual muscles. Vacuum-packaged steaks and whole muscles were stored at −20°C until they were used for testing. In addition, 10 beef eye of round and 8 VL, which were fabricated from peeled beef round knuckle, were purchased and used as roasts.
Grilling or Oven Roasting
Whole muscles (PT, SR, VI, GL, and VM) and steaks (BF, SO, SM, AF, and VL) were thawed at 4°C for 24 h. Anterior or distal directions of each muscle or steak were tracked. The PT, SR, VI, and VM were grilled on a Hamilton Beach Indoor-Outdoor Grill (model 31605A, Proctor-Silex Inc., Washington, NC) as whole muscles, turning over once at 35°C, until they reached an internal temperature of 71°C. All steaks from a single subprimal were cooked in a single batch to avoid variation due to cooking session. Before grilling, the GL was cut into anterior and posterior sides to have portions of equal thickness. Internal temperature during grilling was monitored using a type T thermocouple inserted into the geometric center of each muscle or steak. In addition, SO (n = 10) and VL (n = 8) muscles were oven roasted as whole muscles under dry heat (SO; n = 5 and VL; n = 4) or moist heat (SO; n = 5 and VL; n = 4) conditions in a preheated oven at 169°C until they reached an internal temperature of 71°C. In moistheat oven roasting, the whole muscle was placed on a stainless-steel rack to raise it from the bottom of the stainless-steel tray (60 × 30 × 5 cm). Double-distilled water was added into the stainless-steel tray up to a 1-cm-thick layer, and the entire tray was covered with heavy-duty aluminum foil. A thermocouple inserted though the foil cover was positioned at the geometric center of the muscle. In dry heat oven roasting, roasts were prepared as described for moist heat roasting, except no water was added and the roasts were not covered with foil.
Determination of Warner-Bratzler Shear Force
Shear force values for each steak of each muscle tested (BF, SO, SM, AF, VL, VM, VI, PT, SR, and GL) are presented in Figures 1 to 10 , respectively. Grilled and oven-roasted muscles or steaks were cooled at 4°C for 24 h and then allowed to reach room temperature. After reaching room temperature, the VM, PT, and SR were cut into proximal and distal zones and each distal and proximal end was cut into 2.54-cm-thick portions perpendicular to the long axis of the muscle. Each anterior and posterior side of grilled GL was divided into proximal and distal sections. Medial and lateral sides of VI were divided into sections from proximal to distal. From each section of PT, SR, VM, GL, and VI muscles, cores with 1.27-cm diameter were removed parallel to the muscle fiber arrangement using a drill press. Before removing cores, a 5-cm-wide region in the middle of each grilled steak of BF, SM, AF, and VL was marked along posterior and anterior sides as they were horizontally divided into posterior, middle, and anterior regions. Grilled SO steaks were horizontally divided into 3 regions from the medial to lateral as medial, middle, and lateral regions. Each region of BF, SM, AF, and VL were again subdivided into 2 sections as medial and lateral. Medial, middle, and lateral regions of SO steaks were also subdivided into anterior and posterior sections. From each section of a steak, one to six 1.27-cm-diameter cores (depending on steak type) were prepared parallel to the muscle fiber orientation. One core was obtained from each section for the BF, SO, SM, AF, and VL. Two cores were removed from each section for the VI and SR. There were 3 cores taken from each section of the VM and PT, and there were 6 cores removed from each section of the GL. All the cores were sheared on an Instron Universal Testing Machine (model 55R1123, Canton, MA) with a triangular Warner-Bratzler shear attachment. An individual peak Warner-Bratzler shear force (WBSF) for each muscle/steak section was used for the statistical analysis. In addition, oven-roasted SO and VL muscles were cut into 2.54-cm-thick steaks along the long axis and divided into sections as grilled SO and VL steaks. Then, coring and shearing were done similar to grilled SO and VL steaks.
Determination of Muscle Fiber Orientation
Before removing cores from each steak of BF, SO, SM, AF, and VL or portions of GL, SR, PT, VM, and VI, a digital image of muscle fiber orientation on the longitudinal section of the steak was captured using a digital camera (model DSC-S730 cyber-shot 7.2 megapixels, Sony Corp., Beijing, China). The muscle fiber orientation on each digital picture was measured using a protractor and expressed in degrees horizontally along the long axis of the muscle from the proximal to the distal at every 2.54 cm. Subsequently, the fiber orientation with the angle was illustrated on a longitudinal section of the muscle along the long axis from the proximal to the distal.
Statistical Analysis
Warner-Bratzler shear force values were analyzed by using the ANOVA in GLIMMIX procedure (SAS Inst. Inc., Cary, NC) with a model including zone (proximal to distal) of PT, SR, and VM muscles (SAS). The zonal difference (proximal vs. distal) of each muscle was analyzed using the CONTRAST statements. For GL and VI muscles, zone (distal to proximal), side (anterior and posterior), and their interactions were included in the model. The zone difference (proximal vs. distal) and side difference (anterior vs. posterior or medial vs. lateral) of GL and VI muscles were analyzed using the CONTRAST statements of SAS. For BF, SO, SM, AF, and VL muscles, region or steak (from proximal to distal) was included in the model. The zone differences (proximal vs. distal) side differences (anterior vs. posterior or anterior/posterior vs. middle) were determined using the CONTRAST option in SAS. Least squares means were calculated for each section using the LS-MEANS, and mean separation was performed using the DIFF and LINES options of SAS at P < 0.05.
The difference between different cooking methods on tenderness of SO and VL was separately analyzed by ANOVA in GLIMMIX procedure of SAS with a model including muscle and cooking method as fixed effects (SAS). Least squares means were calculated for each cooking method using the LSMEANS, and mean separation was performed using the DIFF and LINES options of SAS at P < 0.05. 
RESULTS AND DISCUSSION
Several studies have been conducted to establish a threshold level of WBSF values for trained and consumer panel tenderness acceptability (Shackelford et al., , 1997a Miller et al., 1995 Miller et al., , 2001 Boleman et al., 1997) . Shackelford et al. (1991) published the primary WBSF threshold rating for consumer data as tender (<3.9 kg), intermediate (3.9 to 4.6 kg), and tough (>4.6 kg). However, Miller et al. (2001) reported that the conversion in consumer perception from tender to tough beef happened between 4.3-and 4.9-kg WBSF value with ≥86% consumer acceptability. Therefore, in this study we set the threshold values of WBSF for tender as <3.9 kg, intermediate as >3.9 to <4.9 kg, and tough as >4.9 kg. The mean WBSF values of BF, SO, AF, SM, PT, SR, GL, VI, VM, and VL were 5. 62, 4.86, 4.18, 4.90, 3.76, 4.44, 4.75, 4.78, 4.24, and 6 .53 kg, respectively. Based on tenderness classification used in this study, PT was tender, BF and VL were tough, and 
BF
The mean WBSF for the long and ischiatic heads of BF were 5.62 and 7.46 kg, respectively (data not shown). The most proximal steak of the BF, which was closest to the sirloin/round separation, was the most tender region of the muscle (Figure 1a) . The overall tenderness variation between proximal and distal halves of long head of BF was not different (P = 0.06); however, the proximal region of the ischiatic head of BF was tougher than the distal (P < 0.0001; Table 1 ).
The long head of BF had its greatest WBSF value in the middle region 10 to 18 cm from the sirloin/round separation (steak 4 to 7; Figure 1a ). However, intermediate shear force values were observed toward the distal end of the long head BF (Figure 1a) . The lateral side (steak 5, 6, and 8) of the long head of BF was signifi- Within the same figure, means lacking a common superscript were different (P < 0.05). WBSF (smaller values = tender; larger values = tough). cantly (P < 0.05) tougher than the medial side (toward the femur; Table 2a ). In addition, the anterior and the middle sides of the long head of BF was less tender than the posterior side (steak 1 to 10; P < 0.05; Table 2a ). There was no difference in posterior and anterior sides of the ischiatic head of the BF (P > 0.05; Table 2b ). However, the lateral side (steak 8 to 10) of the ischiatic head of the BF was tougher than the medial side (P < 0.05; Table 2b ). The similar intramuscular tenderness variations of BF were reported by the Ramsbottom et al. (1945) , Ginger and Weir (1958) , Shackelford et al. (1997b) , and Reuter et al. (2002) . The WBSF values of this study indicated that the most proximal 2 steaks of the long head BF would result in more tender steaks than most of the rest of the muscle.
The muscle fiber orientation of both heads of BF was illustrated in Figure 1c . The overall muscle fiber orientation of the BF was bipennate. At the sirloin/round separation region (steak 1 to 4) of the long head of BF had more horizontal fiber orientation than the rest of the muscle (Figure 1c) . Then, the degrees of inclination of muscle fibers of the long head BF were gradually more angular to the horizontal axis of the muscle from the proximal to the distal end. There was no variation of muscle fiber orientation in the ischiatic head of BF from the proximal to the distal. Muscle fibers were parallel to the long axis of the ischiatic head of BF.
The illustration of muscle fiber orientation and the intramuscular tenderness variation map may be useful to make steaks from BF in the most economical manner. According to the results of this study, it would be recommended to separate the long head and ischiatic heads of the BF. Then, the first two 2.54-cm-thick proximal steaks of the long head should be removed perpendicular to the long axis. Those proximal 2 steaks could be marketed as premium to other round steaks. Alternatively, the proximal portion would be oriented such that steaks are cut across the grain (perpendicular to muscle fiber direction). The remaining muscle piece of the long head should either be cut into steaks perpendicular to the long axis of the muscle or oven roasted as a roast before cutting into slices. For the ischiatic head of the BF, the first 7.5 cm (tougher part) should be used as trim. The remaining should be either cut into steaks perpendicular to the long axis or cooked as a roast before making slices.
SO
The mean WBSF value of SO was 4.86 kg (SE 0.16; data not shown). There was a significant tenderness variation from the proximal to the distal (P < 0.0001; Figure 2a ). The most proximal (steak 1 to 3) and the distal steaks (steak 9 to 12) were less tender than the rest of the muscle (P < 0.05; Figure 2a ). As shown in Figure 2a , the tenderness of the SO decreased from the middle of the muscle to both ends (the proximal and the distal). The same tenderness variation of SO was reported by Reuter et al. (2002) . Henrickson and Mjoseth (1964) and Shackelford et al. (1997b) also reported that shear force values of both ends of SO were greater than the middle. The proximal one-half of the SO was less tender than the distal one-half (P = 0.002; Table  1 ). The medial side (steak 2 to 4) of the SO was more tender than the lateral side (P < 0.05; Table 3 ). However, the distal medial side (steak 7 to 10) became less tender than the distal lateral side of the muscle at 18 cm from the proximal end of SO (P < 0.05; Table 3 ). As shown in Table 3 , the posterior side of the SO was more tender than the anterior side of the muscle up to 23 cm from the proximal end (P < 0.05). The middle side of the SO muscle did not differ in tenderness from the medial or lateral side of the muscle, except for the first 5 cm from the proximal end (P > 0.05; Table 3 ).
The average WBSF values of the SO after different cooking methods showed that moist (4.08 kg) or dry heat (3.98 kg) oven roasting made the SO muscle more tender than grilling (4.86 kg; P = 0.002). A possible reason for this difference in tenderness is the longer cooking time required for thicker roasts to reach ultimate cooking temperature. This would increase the chance of solubilizing collagen during oven roasting and subse- quently reduce the WBSF value. Morgan et al. (1991) also reported that oven-roasted SO were significantly more tender than the grilled counterparts of SO.
The muscle fiber orientation of the SO was fusiform type. The muscle fiber orientation from the most proximal up to 15 cm of SO changed from 135° to 100° with the horizontal axis of the muscle (Figure 2c) . Then, the muscle fibers toward the distal region were more parallel to the long axis of the muscle. Tenderness mapping data and muscle fiber orientation data suggest cutting the muscle into steaks perpendicular to the long axis of the muscle from the proximal to the distal. In addition, this muscle would be good as a roast.
SM
The mean WBSF value of SM was 4.90 kg (SE 0.25; data not shown). The proximal end of the muscle up to 10 cm (steak 1 to 3) had smaller shear force values than the rest of the SM muscle (P < 0.05; Figure 3a) . Reuter et al. (2002) also reported that the first 10 cm from proximal end had the smallest shear force values and the 13-cm region from the distal end had the greatest shear force values. Moreover, the lateral side (superficial side; 18 to 20 cm from the proximal; steak 7 to 8; Figure 3a ) of the SM was less tender than the medial (deep) side (P < 0.05). As shown in Table 4 , there was no tenderness variation between the posterior and anterior sides of the muscle (P > 0.05). However, the anterior side of the muscle was more tender than the middle side (Table 4 ). Paul and Bratzler (1955) also reported a similar tenderness variation between anterior and middle sides of the SM muscle. The proximal one-half of the SM was significantly more tender than the distal half (P = 0.0001). The most proximal steaks (up to 13 cm) were more tender than the rest of the steaks from the SM; therefore, the most 5 proximal steaks could be marketed as SM premium steaks and the rest could be sold as regular steaks or as a roast. The muscle fiber angle of the SM is 130° to the horizontal axis of the muscle from proximal to distal ( Figure  3c ); therefore, steaks should be removed perpendicular to the long axis of the muscle.
AF
The mean shear force value of AF was 4.18 kg (SE 0.20; data not shown). The proximal and distal ends (steak 1, 6, and 7) of the AF were more tender (P < 0.05) than the center (8 to 10 cm from the proximal) part of the muscle (Figure 4a ). The proximal one-half of the AF was less tender than the distal one-half (P = 0.01; Table 1 ). Overall tenderness variations between medial and lateral sides or posterior and anterior sides were not significant (P > 0.05; Table 5 ). However, at the center (steak 3 and 4) of the AF, the posterior side was more tender than the middle region (P < 0.05; Table 5 ). Tenderness data of the present study would suggest that the first 2 proximal steaks could be sold as premium AF steaks and the rest as regular steaks. The fiber arrangement of the AF was unipennate with an angle of 55° to the horizontal axis of the muscle from the proximal to distal end ( Figure 4c) ; therefore, the AF should be cut into steaks perpendicular to the long axis of the muscle.
VL
The mean WBSF value of the VL was 6.53 kg (data not shown). Tenderness decreased (P < 0.0001) toward the distal end from the proximal end (Figure 5a ). Similar intramuscular variation of VL was reported by Jenschke et al. (2008) . The VL had the greatest WBSF value among all the muscles of the beef round that were studied. The proximal one-half of the VL was more tender than the distal one-half (P < 0.0001; Table 1 ). The posterior side of the muscle had smaller WBSF values than the anterior side (P < 0.05; Table 6 ). Furthermore, the anterior side of the last steaks (steak 6 and 7) of the VL was tougher than its middle (P < 0.05) as shown in Table 6 . The most medial proximal (steak 1) and the most medial distal parts (steak 6 and 7) of the VL were less tender than the lateral side of the muscle (P < 0.05; Table 6 ). Tenderness mapping of the beef round muscle It was the toughest muscle among round muscles studied, as revealed by WBSF testing. Oven roasting as a whole muscle under dry (WBSF = 4.08 kg) or moist (WBSF = 4.21 kg) heat conditions made the VL muscle more tender than grilling (WBSF = 6.53 kg; P < 0.0001). Hence, the VL should be oven roasted rather than grilled.
The fiber orientation of the VL was unipennate with an angle changing from 50° to 20° to the horizontal axis of the muscle toward the distal from the proximal end (Figure 5c ). Therefore, after oven roasting, the VL roast should be cut into slices from proximal to distal perpendicular to the long axis of the muscle.
VM
The mean shear force value of VM was 4.24 kg (SE 0.24 kg; data not shown). As shown in Table 1 , the tenderness of the proximal and distal halves of the VM were similar (P = 0.12). The most distal region of the muscle was less tender than the rest of the muscle (P = 0.02; Figure 6a ). The fiber orientation of VM was unipennate with an angle of 50° to the horizotal axis of the muscle from the proximal to the distal end ( Figure 6b) ; therefore, the VM could be cut into medallions perpendicular or angular to the long axis of the muscle.
VI
The VI had a mean WBSF value of 4.78 kg (SE 0.33; data not shown). The tenderness of the VI muscle dif- Within a row, means lacking a common superscript were different at P < 0.05. WBSF (smaller values = tender; larger values = tough). fered along the muscle (P = 0.04; Figure 7a ). The most lateral, distal region of the muscle was tougher than the rest (P < 0.05; Figure 7a ). The most tender region of the VI muscle was the most proximal, medial region. The distal one-half the muscle was tougher than the proximal one-half (P < 0.0001; Table 1 ). In addition, the medial side (WBSF = 4.05 kg) of the VI was more tender than the lateral side (WBSF = 5.51 kg; P < 0.05).
The VI had bipennate muscle fiber orientation (Figure 7b) . Muscle fibers extended medially and laterally from both sides of the tendon, which runs between the medial and lateral portions of the muscle. On the medial side, the muscle fibers made a 125° angle with the horizontal axis of the muscle, whereas muscle fibers in the lateral side made a 50° angle with the horizontal axis of the muscle. Tenderness data of the current study would suggest that the lateral and the medial portions of the muscle should be separated before making medallions. Medallion steaks could be made perpendicular or angular to the long axis of the lateral and medial sides to increase the size of the medallions.
PT
The overall WBSF value of PT was 3.76 kg (SE 0.20 kg; data not shown). There was no tenderness variation among sections of the PT (P = 0.13; Figure 8a ). However, the distal one-half of the PT muscle was tougher than the proximal one-half (P = 0.03; Table 1 ). This is Comparison within a row; means lacking a common superscript were different at P < 0.05. WBSF (smaller values = tender; larger values = tough).
1 NA = not applicable. Comparison within a row; means lacking a common superscript were different at P < 0.05. WBSF (smaller values = tender; larger values = tough).
1 NA = not applicable.
Tenderness mapping of the beef round muscle Comparison within a row; means lacking a common superscript were different at P < 0.05. WBSF (smaller values = tender; larger values = tough).
due to the tapering of the distal end of the PT where it attaches to the femur. Lawrie (1998) mentioned that muscle fibers taper at the end and continue with noncontractile connective tissues to attach to the bones; therefore, muscles are tough at the distal end. The muscle fibers were attached to the connective tissue located in the middle of the PT producing a bipennate muscle fiber orientation. The muscle fiber angle with the horizontal axis of the muscle changed from 110° to 50° going from the proximal to the distal end (Figure 8b ). Because there is no intramuscular tenderness gradient (P < 0.05), the PT should either be grilled as a whole muscle and cut into medallions perpendicular to the long axis of the muscle or cut into medallions before grilling.
SR
The mean shear force value of the SR was 4.44 kg (SE 0.24 kg; data not shown). The tenderness of the SR varied along the muscle (P = 0.01; Figure 9a ). As shown in Table 1 , the proximal one-half was tougher than the distal one-half of SR muscle (P = 0.04). This is most likely due to tapering of the muscle at the proximal end.
The muscle fibers of the SR ran parallel to the long axis of the muscle, producing a fusiform muscle fiber orientation (Figure 9b ). Based on tenderness data of the current study, the SR could be grilled as a whole muscle and cut into medallions perpendicular or angular to the long axis or cut into medallions before grilling.
GL
The mean WBSF value of GL was 4.75 kg with a SE of 0.20 kg (data not shown). There were no tenderness variations in the distal and proximal or anterior (WBSF = 4.65 kg) and posterior (WBSF = 4.85 kg) sections of the GL (P > 0.05; Table 1 ). However, the most proximal section (steak) of the muscle was more tender than the rest (P = 0.002; Figure 10a) .
The muscle fiber orientation of the GL was unipennate. In the posterior side of the muscle, muscle fibers were running angularly, making 70° to 85° angles to the horizontal axis. Muscle fiber angles changing from 50° to 60° with the horizontal axis of the muscle in the anterior side toward the distal end of the muscle ( Figure  10b ). The anterior portion of the GL was thicker than the posterior side. Therefore, before grilling, GL should be separated to the anterior and posterior regions to avoid overcooking of the thinner portion (anterior) of the GL. After grilling, steaks should be cut perpendicular to the long axis of both portions of the muscle.
The current study demonstrated that there are interand intramuscular tenderness variations among beef round muscles. These tenderness variations are probably due to a blend of different factors (such as pH variation, muscle fiber variations, type and amount of collagen present, anatomical location, and postmortem pH and temperature decline). Inter-and intramuscular tenderness variations of the beef round muscles of the present study were comparable to the work reported previously, as discussed above.
The US beef industry is moving toward merchandizing single muscle steaks of beef carcasses due to increasing consumer demand. However, most of the round is still sold as roast rather than steaks. The current study shows a clear intramuscular tenderness variation in the beef round muscles. Beef round muscles, weighing less than 500 g (PT, SR, VM, GL, and VI) are relatively tender and could be merchandized as single-muscle steaks or medallions. Moreover, the first few steaks of large beef round muscles (BF, SM, and AF and the middle steaks of SO) are more tender and could be sold at a premium compared with other steaks from the same muscles.
The current study described the detailed intramuscular tenderness and muscle fiber variations of AF, BF, GL, PT, SR, SM, SO, VI, VM, and VL muscles of the beef round based on different anatomical orientations. Results of this study provide a complete guide for individual muscle fabrication, which would be needed by the meat industry for development of innovative meat cuts for optimum eating quality and by academia for research purposes.
